(1) Gravity: The amount of the gravitational force will be proportional to the height of the barium column and the difference between the specific gravity of the barium suspension and that of the surrounding tissues. The barium commonly used has a specific gravity of 1 2 and the abdominal viscera of 1 06. Theoretically a column of barium 10 cm high, in the abdominal cavity, will exert a differential pressure of 10 x (1 20-1 06)=14 cm water. The driving force of gravity is therefore often very small, but if the resistance to flow into the duodenum is negligible, because the duodenal wall is relaxed, this small force will be adequate to cause flow of barium. On the other hand, if the lumen is closed with a resistance to stretch of only 2 cm water pressure, this will be adequate to stop flow, but will not be detected with certainty on a pressure record.
(2) The propulsive activity of the stomach: The so-called peristaltic activity of the stomach, the, deep-cutting waves which move down from the fundus, rarely if ever push barium forwards. During violent activity seen by fluoroscopy there may be no change in pressure in different parts of the stomach until the muscle is contracted down to a tight ring, completely occluding the lumen. This occlusion is a rare event except in the pyloric antrum, and the effect of the deep cutting waves is to agitate and mix the contents of the stomach but not to propel them.
(3) The pyloric pump: The pyloric antrum contracts about three times a minute, producing a rise of pressure in a miniature balloon. Every fourth, fifth or sixth wave is accompanied by a simultaneous contraction of the proximal part of the duodenal cap and the pyloric ring, forming the pyloric pump previously described. These waves seem to form the main propulsive activity of the stomach although they are clearly not essential to emptying since the stomach empties at approximately the same rate after a pylorectomy.
(4) The duodenal or small intestine pump: This process removes barium or food from the stomach by acting as a continually moving conveyor belt and is not, strictly speaking, a force propelling barium from the stomach. It is probably important after a Billroth I or Polya partial gastrectomy and after gastroenterostomy. It is only necessary for gastric contents to seep into the small intestine lumen for them to be carried away, and little or no gradient of pressure is required to feed the conveyor belt. The probable importance of this conveyor belt mechanism is illustrated by the marked delay in gastric emptying which occurs in systemic sclerosis when the plain muscle of the duodenum and small intestine is atrophic so that this part of the gut becomes immobile, although the stomach itself remains active.
These are the forces which may be involved in promoting emptying of the stomach. Resistance to flow may be produced by resistance to stretch of the pyloric segment or pyloric ring, or by the duodenal cap or beyond. The forces involved may be only a few cm of water pressure, but they may be adequate to withstand the propelling forces.
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Some Radiological Aspects of Pyloric Disease by David Edwards MRCP FFR (London)
The stomach was subdivided into four parts on a histological basis by Aschoff in 1923. He named the zones the cardia, the body, the vestibule and the pylorus. The term vestibule is not now frequently used and has largely been replaced by the anatomical term the pars pylorica or the pyloric antrum. In such an easily distensible organ as the stomach these subdivisions do not form wellmarked anatomical entities but it is generally accepted that the pyloric antrum represents that portion of the stomach which lies distal to the incisura; this only approximately defines that region of the mucosa containing the pyloric glands. Its size and shape varies greatly with the patient's build and the degree of distension of the stomach. Distally the pyloric antrum narrows down to form the pyloric ring, a passage of uniform diameter with a sharply defined termination in the base of the duodenal cap. An attempt was made to define the length of the normal pyloric ring by examining 70 consecutive, normal barium meals in which the limits of the ring appeared to be sharply defined. The mean length of the ring was 67mm with normal limits of 1 0 to 12-0 mm. Any pyloric ring which exceeds 12 mm in length should be carefully examined with grave suspicion. The pylorus is a notoriously difficult region to examine radiologically but the problem is made considerably easier if adequate mucosal relief films are obtained. Shanks (1950) quoted Berg as saying 'The less barium you give the more you see'. This has long been recognized but is surprisingly often neglected. The erect first mouthful film is of little value. Far better films are obtained if, after swallowing one fluid ounce of undiluted Micropaque, the patient is tilted into the supine position and films obtained following the Hampton manceuvre. In this manner both the anterior and posterior walls of-the stomach are coated with barium and the likelihood of a lesion on one wall being obscured by a normal mucosal pattern on the opposite wall is much reduced.
A double contrast film of the pyloric region should also be obtained when the patient has swallowed the main bulk of the meal but frequently at this stage the antrum is distended and early changes in the mucosa may be completely obliterated (Fig 1) .
Malignant Disease ofthe Stomach
The stomach is one of the commonest sites of malignant disease. In 1953, in England and Wales, carcinoma of the stomach accounted for 1850/ of male and 15 5 % of female deaths registered as In the fourteen years, 1946 to 1959, 470 cases of carcinoma of the stomach were seen at University College Hospital; 36 % of these were classified as arising in the pylorus or pyloric antrum. The surgeon or pathologist with the stomach in his hand is occasionally wrong when trying to decide whether a lesion is malignant or benign, and it is assumed that the radiologist has an impossible task. It is therefore of great importance to know how frequently a carcinoma of the pylorus is misdiagnosed by the radiologist. The barium meal reports on 67 consecutive proven cases of carcinoma of the pylorus were inspected with the results shown in Table 1 . Reportsreading'probably a carcinoma' wereconsidered correct. These examinations were carried out by all members of the diagnosis is of course very easy but it is clear that careful X-ray examination of the intact stomach can lead to a correct diagnosis in a high percentage of cases. In the absence of pyloric obstruction there was little difficulty in recognizing the true nature of a malignant ulcer. Concern over the differential diagnosis of uncomplicatedbenign and and malignant ulceration did not occur.
Fear of being unable to distinguish between benign and malignant ulceration is one factor which is responsible for the radical surgical approach advocating early excision of all pyloric ulcers with its consequent operative mortality and post-operative morbidity. Another factor responsible for the radical surgical approach is the fear of malignant degeneration of a gastric ulcer.
In this series of 67 cases of pyloric carcinoma, one patient gave a history of hmmatemesis from a gastric ulcer thirteen years before being seen at University College Hospital. In another a peptic ulcer perforated (site unspecified) sixteen years before and 2 patients had a previous history of duodenal ulceration treated by gastro-enterostomy. This series is too small to draw any definite conclusion but Smith & Jordan (1948) reported 330 gastric ulcers treated medically and only 2 patients developed a carcinoma. The risk of malignant change is a controversial subject but it appears that it may not exceed the mortality rate of gastrectomy and when this is balanced against the five-year cure rate for malignant disease of the stomach there seems to be little justification for immediate surgical treatment ofthe apparently benign peptic ulcer.
Carcinoma accounts for the vast majority of cases of malignant disease of the stomach; gastric sarcoma is rare. Malignant change may occur in benign tumours; we have encountered one such case in which a leiomyoma became malignant. Secondary involvement of the stomach from adjacent lymph glands is not uncommon in the lymphomata but the stomach is rarely the site of the primary tumour. In 5 cases a lymphoma appeared to arise primarily in the lymphoid tissue of the stomach with involvement of only the drainage glands and in 1 patient there was a multifocal origin from the stomach and rectum. These 6 patients have been seen in a series of 400 lymphomata and compare with 517 cases of gastric carcinoma in the same period (Table 2) . Radiologically the lymphomata may present as filling defects, gross thickening of the mucosal folds, multiple tumours or as a diffuse involvement producing a linitis plastica. The appearances are indistinguishable from a carcinoma but extensive involvement of the duodenum may suggest the correct diagnosis. The following 2 cases illustrate primary lymphoma of the pylorus.
Case 1 Male, aged 74. Six months' history of vomiting, four months' poor appetite and upper abdominal pain. On clinical examination there was no abnormality. Barium meal demonstrated a large dilated stomach with food residue and an elongated narrow irregular pyloric canal with a filling defect (Fig 2) . A partial gastrectomy was performed; histology showed a lymphosarcoma of the pylorus.
Case 2 Male, aged 40, with two years' history of attacks' of vomiting increasing in frequency and severity. A gastroenterostomy had been performed a year ago at another hospital. Barium meal (Fig 3) showed a gastroenterostomy; the pyloric region was occupied by a large mass with superficial ulceration and thickened mucosal folds. The duodenal mucosa was also abnormal. At gastrectomy a large mass was found involving the pylorus and duodenum, nodular submucosal masses extended up to the gastroenterostomy stoma. On histological examination a diagnosis of Hodgkin's disease of the stomach was made. Benign Tumours Benign tumours of the stomach are surprisingly common but the great majority are very small, do not produce symptoms or signs and exist unrecognized. A post-mortem series from the Mayo Clinic (Rienits 1930) showed the presence ofbenign gastric neoplasms in 16% of 200 consecutive postmortem examinations. James (1956) gives their incidence as 2% of all gastric tumours. At University College Hospital over the past ten years benign tumours have accounted for 28 % of all gastric tumours. They are classified in Table 3 . The only common benign tumours are adenomata, myomata and the neurogenic tumours; these are most commonly seen in the pyloric region of the stomach. Despite their comparative rarity they are of considerable importance because they may present clinically with dyspepsia, hmmorrhage or pyloric obstruction. Malignant change occurs particularly in the adenomatous polyp, the leiomyoma and the neurogenic tumour. This change is said to occur in 10% of neurogenic tumours and Stewart (1929) reported that of 263 cases of carcinoma 13 were associated with adenomatous polypi. In our small series sarcomatous change has occurred in one leiomyoma. The radiological features of these tumours are too well recognized to need repetition but the following cases illustrate some of their main features:
Case 3 A woman, aged 40, presented with three months' history of recurrent attacks of abdominal pain associated with severe vomiting and upper abdominal distension. Barium meal demonstrated a very mobile pedunculated adenomatous polyp in the antrum. Her symptoms were presumably produced by intermittent pyloric obstruction either from blockage of the pyloric ring by the tumour or by induction of a gastric intussusception.
Case 4 A man, aged 44, presented with two years' history of abdominal pain and recent loss of weight. A barium meal (Fig 4) showed a small spherical tumour protruding into the base of the duodenal cap. At operation a round submucous tumour was found and histological examination showed this to be an adenoma arising in a pancreatic rest.
Case 5 A woman, aged 26, presented with a history of two years' abdominal pain occurring five to ten minutes after meals and relieved by alkalis. Barium meal demonstrated a round filling defect in the pyloric antrum. Gastroscopy showed no abnormality. At laparotomy a submucosal adenomyoma was found.
Case 6 A man, aged 45, presented with two weeks' history of severe epigastric pain and melkna. He subsequently developed a subphrenic abscess. Barium meal demonstrated a large mass occupying the whole of the pyloric antrum and the base of the duodenal cap showed the signs of hypertrophy of the pyloric muscle. At operation a large dumb-bell tumour was found, a spherical mass 11 in. in diameter was firmly embedded between the left lobe of the liver and the falciform ligament and this communicated by means of a thick pedicle j in. in circumference with a large spherical intragastric mass 2 in. in diameter. Histologically it was shown to be a fibro-leiomyoma. Hypertrophic pyloric stenosis in adults is divisible into two types: an idiopathic form in which there is no other demonstrable lesion in the gastro-intestinal tract and a secondary form which is associated with some other lesion such as peptic ulceration of the stomach or duodenum or tumour of the stomach. Its etiology remains in doubt; it has been said to be the result of longcontinued spasm and its association with other lesions in the adjacent stomach and duodenum supports this theory. It has also been attributed to a degeneration of the myenteric plexus of the pylorus and to congenital causes due to persistence of the infantile form of the disease. This I think is the more likely explanation. It has been established that the congenital form may persist into adult life and in a recent series of cases (Nielson & Roelsgaard 1956 ) 78 % of adult patients who had been treated medically during infancy for congenital pyloric obstruction were found to have persistent narrowing and elongation of the pyloric ring. Furthermore the male preponderance seen in the infantile form of the disease is also present in the adult. Pathologically the circular muscle of the pylorus is increased in thickness from the normal 3-8 mm to a maximum of 30 mm with an average of 15 mm.
In the adult the diagnosis is rarely considered. Patients present with vomiting and abdominal pain. Frequently the symptoms have been present since childhood but they may also first appear in adult life, most commonly in the fifth decade and signs of obstruction may quickly develop. The radiological signs are elongation and narrowing of the pyloric canal, the thickened muscular ring producing a mushroom-shaped impression on the base of the duodenal cap. The mucosa within the pyloric ring retains a fine linear pattern. Identical X-ray appearances can, of course, be produced by submucosal infiltration of the pylorus by a malignant growth.
Case 7 A man, aged 51, presented with a three-year history of upper abdominal pain, worse after meals, and for two months he had complained of vomiting and loss of weight. On examination there were no abnormal physical signs. Barium meal (Fig 5) demonstrated elongation and narrowing of the pyloric ring and a distinct impression with a convex upper border on the base of the duodenal cap. At laparotomy a tirm lump the size of a grape was palpable in the stomach wall at the pylorus. Histological examination showed hypertrophy of the pyloric muscle and chronic inflammation of the mucosa.
Case 8 A man, aged 32, presented with a twelve-year history of pain across the chest occurring half an hour after meals. The attacks lasted about two weeks and were separated by intervals of freedom of two to three months. On examination there was tenderness in the epigastrium but no other abnormality. Barium meal showed increased resting juice with thick mucosal folds. The pylorus was elongated but showed little narrowing and a normal mucosa. No peristaltic waves were seen to pass through the narrow segment. At operation there was marked hypertrophy of the pyloric muscle extending proximally over a distance of 1 in. from the pyloric ring. 
